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ABSTRACT 

Objective: This study examined the risk factors 
associated with failure of enhanced recovery protocol 
after major hepatobiliary and pancreatic (HBP) surgery. 
Setting and participants: A retrospective cohort of 
194 adult patients undergoing major HBP surgery at a 
university hospital in Hong Kong was followed up for 
30 days. The patients were from a larger cohort study of 
736 consecutive adults with preoperative urinary cotinine 
concentration to examine the association between 
passive smoking and risk of perioperative respiratory 
complications and postoperative morbidities. 
Outcome measures: The primary outcome was failure 
of enhanced recovery protocol. This was defined as a 
composite measure of the following events: intensive 
care unit (ICU) stay more than 24 h after surgery, 
unplanned admission to ICU within 30 days after surgery, 
hospital readmission, reoperation and mortality. 
Results: There were 25 failures of enhanced recovery 
after HBP surgery (12.9%, 95% CI 8.5% to 18.4%). After 
adjusting for elective ICU admission, smokers (relative 
risk (RR ) 2.21 , 95% C1 1 .10 to 4.46), high preoperative 
alanine transaminase/glutamic-pyruvic transaminase (RR 
3.55,95% C1 1 .68 to 7.49) and postoperative morbidities 
(RR 2.69, 95% C1 1 .30 to 5.56) were associated with 
failures of enhanced recovery in the generalised 
estimating equation risk model. Compared with those 
managed successfully, failures stayed longer in ICU 
(median 19 vs 25 h, p<0.001) and in hospital for 
postoperative care (median 7 vs 13 days, p=0.003). 
Conclusions: Smokers and patients having high 
preoperative alanine transaminase/glutamic-pyruvic 
transaminase concentration or have a high risk of 
postoperative morbidities are likely to fail enhanced 
recovery protocol in HBP surgery programmes. 
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INTRODUCTION 

Enhanced recovery after major hepatobiliary 
and pancreatic surgery (ERAHBPS) is a 
complex intervention that includes many of the 



Strengths and limitations of this study 



This is the first study to identify risk factors 
associated with the failure of enhanced recovery 
protocol in major hepatobiliary and pancreatic 
surgery. 

Instead of using length of hospital stay as an 
end point, failure was defined as a composite 
measure of slow recovery: length of stay in the 
intensive care unit (ICU) more than 24 h after 
surgery, unplanned admission to ICU within 
30 days, readmission to the hospital within 
30 days after surgery, reoperation for complica- 
tions and 30-day mortality. 
Smokers (defined by self-reported history and 
adjusted urinary cotinine concentration) and 
patients having high preoperative alanine trans- 
aminase/glutamic-pyruvic transaminase concentra- 
tion or who have a high risk of postoperative 
morbidities are likely to fail clinical pathways in 
fast-track hepatobiliary and pancreatic surgery. 
Similar results were found in a sensitivity analysis 
using adjusted urinary cotinine concentrations. 
We did not consider the compliance rate of indi 
vidual components of the early recovery after the 
hepatobiliary pancreatic surgery programme. 
High-risk patients at risk of failing enhanced 
recovery protocols in major hepatobiliary pancre- 
atic surgery may benefit from additional care to 
minimise perioperative morbidities and length of 
stay. 



following components: patient and family edu- 
cation, no bowel preparation, no preanaesthetic 
medication, preoperative carbohydrate loading, 
thromboembolic prophylaxis, antiemetic 
prophylaxis, epidural analgaesia, intraoperative 
normothermia, prophylactic antibiotics, no sys- 
temic opioids, fluid restriction, no surgical 
drains, no standard postoperative nasogastric 
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tubes, postoperative nutritional care and early 
mobilisation. 1 

Recent systematic reviews 1 2 of several observational 
studies of ERAHBPS programmes suggest that it is safe 
and feasible. Compared with traditional clinical path- 
ways, fast-track hepatobiliary and pancreatic (HBP) 
surgery programmes have similar risks of readmission, 
morbidity and mortality, 1-3 and reduced the duration of 
postoperative length of stay and overall hospital cost. 3 
However, compliance with core components of 
enhanced recovery after liver surgery programme varies 
between high-volume European centres, with a median 
adoption of 9 (range 7-12) of 22 core elements. 4 

As with all enhanced recovery after surgery (ERAS) 
programmes, a small proportion of patients will fail fast- 
track HBP surgery and require additional intensive care 
unit (ICU) resources. Although not all fast-track HBP 
surgical patients are routinely admitted to ICU after 
their procedure, 5 6 ICU care after liver resection was 
associated with a decreased risk in hospital mortality 
(OR=0.26, 95% CI 0.10 to 0.71) and a reduction in total 
hospital costs (13%). 7 These results suggest that careful 
selection of patients for ERAHBPS is crucial for maxi- 
mising the efficiency of perioperative care pathways. 

Fast-track failure risk models after cardiac surgery have 
been developed 8 and externally validated 9 to facilitate 
the planning of perioperative care pathways, but factors 
associated with failure of enhanced recovery protocol 
after HBP surgery are unknown. The objectives of this 
study were to estimate the incidence of and identify the 
risk factors associated with failure of enhanced recovery 
protocol after HBP surgery. With such information, we 
can identify a subgroup of patients at risk of failure to 



provide additional care to minimise perioperative mor- 
bidities and length of stay. 



METHODS 
Study cohort 

The patients were from a larger cohort study of 736 con- 
secutive adult patients with preoperative urinary cotinine 
concentration to examine the association between passive 
smoking and risk of perioperative respiratory complica- 
tions and postoperative morbidities. 10 All patients gave 
written informed consent before surgery. Patients under- 
going other types of surgery, unable to give written 
informed consent, having chronic renal failure, younger 
than 18 years or with urine cotinine samples collected 
more than 48 h before surgery were excluded. 

The types of surgery included were laparoscopic liver 
resection (non-anatomical wedge resections, or resection 
of one or two segments), minor open liver resection 
(fewer than three segments including multiple non- 
anatomical resections), major open liver resections 
(three or more segments), liver resection with biliary 



reconstruction 11 12 and pancreatic surgery. Pancreatic 
surgery included Whipple's procedure, double bypass 
(hepaticojejunostomy and gastrojejunostomy in unre- 
sectable cancer of the head of pancreas) and distal 
pancreatectomy. 

Typical management 

The typical clinical care pathway for HBP surgical 
patients involved the following: admission to surgical 
ward 1 day before surgery, patient education, no prea- 
nesthetic medication, mechanical prophylaxis for deep 



Table 1 Enhanced recovery elements in liver and pancreatic resectional 
Liver resection r 



surgery 



Pancreatic resection 



Preoperatively Information given to patient and patient education 

No premedication 
Day 0 Normothermia during surgery 

Mechanical prophylaxis for deep vein thrombosis 
Intraoperative prophylactic antibiotics 
No nasogastric tube 
No routine abdominal drain 
Patient-controlled morphine analgesia 
Oral fluid 

Moving patient to chair 
Fluid diet 

Enhanced mobilisation 
Removal of urinary catheter 
Soft diet 

Removal of drain 
Normal diet 



Day 1 

Day 2 

Day 3 

Day 4 

Day 5 

Day 6 
Day 7 



Discharge if no fever, pain can be controlled with oral 
analgesics and patient has adequate mobilisation 



Information given to patient and patient education 

No premedication 

Normothermia during surgery 

Mechanical prophylaxis for deep vein thrombosis 

Intraoperative prophylactic antibiotics 

Routine nasogastric and abdominal drain only for 

Whipple's operation 

Patient-controlled morphine analgesia 

Oral fluid 

Moving patient to chair 
Enhanced mobilisation 



Removal of urinary catheter 
Removal of nasogastric tube if draining <300 ml_ 
Fluid diet 
Removal of drain 
Soft diet 

Normal diet 

Discharge if no fever, pain can be controlled with oral 
analgesics and patient has adequate mobilisation 
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vein thrombosis, intraoperative prophylactic antibiotics, 
normothermia during surgery, ICU or surgical ward for 
first 24 h after surgery, surgical ward, early mobilisation 
and hospital discharge (table 1). The use of epidural 
anaesthesia/ analgaesia is not routine because of con- 
cerns about postoperative coagulopathy in patients with 
cirrhosis of liver. 13 Patients were given patient-controlled 
morphine analgesia. 

Although there was no formalised extubation protocol, 
extubation at the end of liver resection surgery or within 
1 h after admission to ICU was expected; for pancreatic 
surgery where most patients went to ICU, extubation 
within 4 h was expected. There is no surgical high depend- 
ency unit at the Prince of Wales Hospital, Hong Kong. 

Drains were removed as soon as possible when there 
was no biliary or pancreatic anastomotic leakage. In 
patients undergoing liver surgery, gradual resumption of 
diet from liquid to solid food was expected during the 
first 3 days after surgery. For Whipple's operation, the 
diet resumption was slower, starting from the fifth post- 
operative day, and a normal diet was expected by the 
seventh. For patients who could not tolerate oral intake 
by the seventh day after surgery, parenteral nutrition was 
given with a target of 25-30 kcal/kg. 

Outcome measure 

For the purposes of this study, we define failure of 
enhanced recovery protocol after HBP surgery as a com- 
posite measure of the following events: length of ICU 
stay more than 24 h after surgery, unplanned admission 
to ICU within 30 days after surgery, readmission to the 
hospital within 30 days after surgery, reoperation for 
complications and 30-day mortality. These events were 
chosen as markers of slow recovery and are common 
quality of care indicators. Unlike previous ERAS studies, 
we did not choose length of stay as a primary outcome 
as it has been shown that reductions in length of stay up 
to a median of 2 days may be related to changes in 
organisation of care and not to the effect of the ERAS 
programme. 14 

We collected patient demographics, smoking status, 
preoperative urinary cotinine concentration that was 
adjusted for creatinine level, American Society of 
Anesthesiologists' Physical Status, Surgical Apgar 
Score, 15 duration of surgery, ICU admission details, 
APACHE II (severity of illness score in patients admitted 
to ICU), 16 preoperative liver function tests, indocyanine 
green test and coagulation tests, and failure events from 
the hospital electronic Clinical Management System 
database. The research staff collected postoperative mor- 
bidities (pulmonary, infectious, renal, gastrointestinal, 
cardiovascular, neurological, haematological, wound and 
severe pain) on the third day after surgery using a reli- 
able and valid Postoperative Morbidity Survey question- 
naire. 17 The EQ-5D index, a health-related quality of life 
using a US set of reference weights, was measured on 
the third day after surgery, 18 as the greatest difference in 
EQ-5D index between ERAHBPS and standard care 



occurs between postoperative days 2 and 5. 19 Current 
smoking was defined as no smoking cessation within 
2 months before surgery or if the patient had an 
adjusted urinary cotinine concentration >5 50 ng/ mL 
within 48 h before surgery. 10 The research staff was 
blinded to the urinary cotinine concentration results. 

Statistical analysis 

Continuous data were expressed as mean and SD or 
median and IQR. The 95% CI was estimated around the 
incidence of HBP surgery failure. Appropriate Student 
t tests, Mann-Whitney U tests, % 2 analyses or exact tests 
were used to compare factors associated with failure of 
enhanced recovery protocol. To adjust for multiple testing 
of individual postoperative morbidity events, a Bonferroni 
correction was used so that the significance criterion was 
set at p<0.0063. There were no missing data. 

A generalised estimating equation (GEE) model with a 
Poisson distribution, log-link function and exchangeable 
correlation 20 was used to obtain a common-effect relative 
risk (RR) of failure of enhanced recovery protocol after 
HBP surgery. This GEE model was more appropriate for 
analysis of composite measures and assumes that there is 
a single common exposure effect across all components 
used in the failure composite end point. We included 
elective ICU admission in the model as we considered 
this factor to be clinically important with regard to post- 
operative bed utilisation. The calibration and discrimin- 
ation of the model was assessed using the 
Hosmer-Lemeshow goodness-of-fit test and estimating 
the area under the receiver characteristic operating curve 
(AUROC). Internal validation of the model was per- 
formed by bootstrapping 1000 samples and estimating 
the AUROC and 95% CI. A sensitivity analysis of the GEE 
model was performed by including adjusted urinary coti- 
nine concentration as a continuous variable instead of 
smoking status as a categorical independent variable. 
Statistical analyses were performed using STATA (V.13.1) 
software (STATA Corp, College Station, Texas, USA). 

Using PASS (V.ll) software (NCSS, Kaysville, Utah, 
USA), a sample size of 190 (19 failure and 171 success) 
patients will achieve 80% power to detect a difference of 
0.2 between the AUROC under the null hypothesis of 
0.7 (fair discrimination) and an AUROC under the 
alternative hypothesis of 0.5 (no discrimination) using a 
two-sided z-test at a significance level of 0.05. 

RESULTS 

Of the 217 consecutive patients undergoing HBP surgery, 
23 were not eligible (10 not available in the ward at time 
of recruitment, 5 refusals, 4 already participated in the 
study, 3 unable to consent and 1 had renal impairment) . 
There were 25 failures of enhanced recovery (12.9%, 
95% CI 8.5% to 18.4%) in 194 patients undergoing 
major HBP surgery. Of the 94 elective ICU patients, 10 
(10.6%) stayed in ICU for more than 24 h after surgery. 
One patient was admitted to ICU unexpectedly due to 
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surgical emphysema and stayed in ICU for 43 h after 
surgery. There were 2 (2.1%) readmissions to ICU within 
24 h ( 1 for acute renal failure /atrial fibrillation and 1 for 
atelectasis), 2 reoperations (1%) and 11 hospital readmis- 
sions (5.6%). The reasons for hospital readmissions were 
abdominal complications (n=5), wound complications 
(n=3), fever with or without chills (n=2) and jaundice 
(n=l). No patient died within 30 days after surgery. 

The median postoperative length of hospital stay was 
longer in the failure group (13 days, 7-18) than in the 
successful group (7 days, 6-9; p=0.003). This was mainly 
due to longer median length of postoperative hospital 
stay in patients undergoing hepatic surgery failing 
enhanced recovery management (12 days, 7-17) com- 
pared with those successfully managed (7 days, 6-9; 
p=0.001). There were 26 patients undergoing pancreatic 
surgery. The median duration of postoperative hospital 
stay in patients undergoing pancreatic surgery failing 
and succeeding enhanced recovery management were 
16 (5-35) and 10 (8-18) days, respectively (p=0.716). 
The median time from initial hospital discharge to 
readmission was 6 days (2-13). 

The demographic and preoperative characteristics 
associated with failure of enhanced recovery protocol 
are shown in table 2. Of the 137 patients with preopera- 
tive indocyanine green test results, 14 (7.2%) were classi- 
fied as borderline and 4 (2.1%) were poor. There was 
no significant association between indocyanine green 
test results and failure groups (p=0.735). 

The median duration of hepatic surgery was similar 
between failure (270 min, 186-336) and successful 
enhanced recovery groups (236 min, 180-315; p=0.348). 
There was no difference in the median duration of pan- 
creatic surgery between failure (395 min, 192-641) and 
successful enhanced recovery groups (488 min, 291-560; 
p=0.933). The median Surgical Apgar Score was similar 
between failure (8, 6-9) and successful (8, 7-9) 
enhanced recovery groups (p=0.912). 

Elective ICU admissions occurred in 13 (41.9%) 
patients undergoing laparoscopic liver resection, 19 
(23.9%) minor open liver resection, 45 (70.3%) major 
open liver and/or biliary reconstruction, 15 (88.2%) 
Whipple and 2 (22.2%) other pancreatic surgery. Of the 
94 elective ICU admissions, 17 (18.1%) patients failed 
enhanced recovery protocols after HBP surgery. Patients 
with elective ICU admissions were more likely to be 
enhanced recovery failures than patients sent to the ward 
after surgery (RR una d justed =1.49, 95% CI 1.09 to 2.05). 
The median duration of ICU length of stay was longer in 
the failure group (25 h, 20-39) than in the successful 
enhanced recovery group (19 h, 17-22; p<0.001). 
However, the mean APACHE II score was similar between 
failure (13.6±3.8) and successful (12.3±3.5) enhanced 
recovery groups (p=0.150). 

The overall incidence of postoperative morbidities was 
35.1% (95% CI 28.4% to 42.2%). There was no reported 
wound dehiscence (requiring surgical exploration or 
drainage of pus from the operation wound with or 



without isolation of organisms) 17 on the third post- 
operative day. There was no difference in the incidence 
of postoperative morbidities between groups according 
to the a priori Bonferroni correction p value criterion 
(figure 1). Patients with a postoperative morbidity were 
twice as likely to be a failure (RR U nadjusted=2.36, 95% CI 
1.13 to 4.91) than those without. There was no differ- 
ence in the mean EQ-5D index between failure (0.53 
±0.3) and successful enhanced recovery groups (0.63 
±0.29; p=0. 166). 

After adjusting for planned postoperative ICU care, 
current smoking, high preoperative alanine transamin- 
ase/glutamic-pyruvic transaminase (ALT/GPT) concen- 
tration and postoperative morbidities on the third day 
after surgery were significant risk factors associated with 
failure of enhanced recovery protocol (table 3). The GEE 
model had adequate calibration (Hosmer-Lemeshow 
goodness-of-fit % 2 8df, p=0.352) and excellent discrimin- 
ation (AUROC=0.87, 95% CI 0.83 to 0.92). 

The results of a sensitivity analysis on the main GEE 
model using adjusted urinary cotinine concentration 
instead of smoking status are shown in table 4. 
Compared with patients with nil urinary cotinine con- 
centration, the predicted adjusted risk for failure in 
enhanced recovery protocol in patients with urinary coti- 
nine concentrations of 50, 500 and 1500ng/mL were 
1.04 (95% CI 1.01 to 1.07), 1.52 (95% CI 1.22 to 1.90) 
and 3.51 (95% CI 1.80 to 6.83), respectively. The GEE 
model had adequate calibration (Hosmer-Lemeshow 
goodness-of-fit % 2 8df, p=0.496) and excellent discrimin- 
ation (AUROC=0.87, 95% CI 0.82 to 0.91). 

DISCUSSION 

Our management of patients undergoing HBP surgery 
incorporated a small proportion of evidence-based com- 
ponents described in ERAS programmes for hepatic 4 
and pancreatic 22 surgery. For every eight patients under- 
going major HBP surgery, one was at risk of failing 
enhanced recovery protocols in major HBP surgery. 
However, no patients died within 30 days after surgery. 
This may be due to the majority of our patients (86%) 
classified as American Society of Anesthesiologists' 
Physical Status grades I and II, benefits of planned 
bundles of care in the ERAS programme or good access 
to postoperative ICU care. Prolonged stay in ICU (12%) 
and hospital readmissions (6%) were the most common 
failure events. Our hospital readmission rate and 30-day 
mortality are within the range described in studies 
included in recent systematic reviews of fast-track liver 
resection and pancreatic surgery. 1 2 22 23 Our patients 
who failed enhanced recovery protocols after major 
HBP surgery had, clinically, significantly longer ICU 
stays and postoperative stays in hospital. 

Access to ICU admission after surgery affects out- 
comes. 24 Under half (48.5%) of our patients had elect- 
ive ICU admission after surgery. Patients with elective 
ICU admissions after surgery were high-risk patients as 
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Table 2 Demographic and preoperative factors associated with failure of enhanced recovery protocol after major 
hepatobiliary and pancreatic surgery 





Enhanced recovery protocol groups 




Failure (n=25) 


Success (n=169) 


p Value 


Mean age (SD), years 


57 (11) 


59 (11) 


0.498 


Males, n (to) 


19 (76) 


131 (78) 


U.obb 


American Society of Anesthesiologists' 








nki ,/-> i /-><-> 1 Of of i ir r» /O/ \ 

rnysicai oiaius, n \ /o) 








i 
i 


2 (8) 


25 (15) 




1 1 


18 (72) 


121 (72) 




iii/i\/ 

lll/l V 


5 (20) 


23 (14) 




Current smoker, n (%) 


9(36) 


35 (21) 


U.Uoo 


Median adjusted cotinine, ng/mL (IQR) 


1 .34 (0.60-265.82) 


1.07 (0.55-3.51) 


U.I oo 


Type of surgery, n (%) 








Exploratory 


1 (4) 


5 (3) 


C\ A A H 

U.441 


Laparoscopic liver resection 


3 (12) 


28 (17) 




Minor open liver resection 


5 (20) 


62 (37) 




Major open liver±biliary reconstruction 


12 (48) 


52 (31) 




vvnippie 


2 (8) 


15 (9) 




Other pancreatic surgery 


2 (8) 


7(4) 




Magnitude of surgery, n (%) 








Major 


4(16) 


36 (21) 


U.D41 


Ultramajor 


21 (84) 


133 (79) 




1 r\\M o 1 I'M i rv» i Kt / >QC nl\ \ r» /O/ \ 

low aiDumin (<oo g/Lj, n \/o) 


2 (4) 


12 (7) 


u.oyo 


Hign DiiiruDin (umoi/L), n (%) 


7(28) 


27 (16) 


U.loy 


AiKanne pnospnaiase (iu/lj, n { /o) 








Normalj" 


14(56) 


123 (73) 


O OH A 


Low 


1 (4) 


3 (2) 




High 


10 (40) 


43 (25) 




l_j ; „ u ai T/pnT /M i/i \ + /o/ \ 

nign ALI/Larl (IU/L), If n { /o) 


11 (44) 


23 (14) 


O OOH 

U.UU1 


naemogiODin (g/uLj, n (/oj 








Normals 


14(56) 


121 (72) 


O OH H 

0.21 1 


Low 


10 (40) 


46 (27) 




i_i ■ i_ 
High 


1 (4) 


2(1) 




Dlot/-il/-kl-o ir\ /O/ \ 

r lateiets, n ( /o) 








Normal (iou— oo4xiu 


14 (56) 


117 (69) 


O OO/l 

u.^y4 


Low 


10 (40) 


50 (30) 




High 


1 (4) 


2(1) 




Prothrombin time, n (%) 








M/M>mnl /O C HO /-«\ 

Normal (y.o— \2. s) 


19 (76) 


144 (85) 


r\ Ar\r\ 

0.4^3 


Low 


0 (0) 


1 0) 




l_j u 

High 


6 (24) 


24 (14) 




Activated partial thromboplastin time, n (%) 








Mnrmal ^98 0 A 
lNUriTld.1 \c-0.c. — o/.H-bj 


22 (88) 


153 (91) 


n qi a 


Low 


2 (8) 


10 (6) 




High 


1 (4) 


6 (4) 




High international normalised ratio, n (%) 


0 (0) 


2(1) 


1.000 


Urinary creatinine (umol/L), n (%) 








Normalt 


20 (80) 


143 (85) 


0.815 


Low 


3(12) 


17 (10) 




High 


2 (8) 


9 (5) 





*High bilirubin defined as more than 19 umol/L in men and more than 17 umol/L in women, 
tAge-specific and gender-specific range. 
tHigh ALT/GPT defined as more than 67 IU/L in 
§Normal range is 13.2-17.2 g/dL for men and 1 1 
ALT/GPT, alanine transaminase/glutamic-pyruvic 



i men and more than 55 IU/L in women 
.9-15.1 g/dL for women 
; transaminase. 




suggested by the results of the univariate analysis where 
they were 1.5 times more likely to be failures than 
patients sent to the ward after surgery. However, when 



the elective ICU admission variable was included in the 
GEE models, the common-effect RR, although not sig- 
nificant, suggested a possible protective effect on failure. 
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Pulmonary 
Infectious 
Renal 
Gastrointestinal 
Cardiovascular 
Neurological 
Haematological 
Pain 



P=0.016 




P=0.637 



10 15 20 25 30 
Incidence (%) 



i Failure 
I Success 



Figure 1 The incidence of postoperative morbidities on the 
third day after surgery by enhanced recovery protocol groups. 
To control for type I error at 0.05 from multiple comparisons, 
p<0.0063 was considered significant. 



A previous study showed that intensive care physician 
staffing was associated with better outcomes after hepatic 
resection from prompt diagnosis and treatment of non- 
surgical complications. 7 Our incidence of ICU readmis- 
sion (2.1%) within 24 h appears acceptable. Previous 
studies included in systematic reviews of fast-track HBP 

1 2 22 23 

surgery have not reported the rate of ICU 

readmissions. 

There is a paucity of studies examining the effect of 
smoking on fast-track surgery. Compared with conven- 
tional care programmes, smoking was associated with 
30-day hospital readmissions (OR=1.60, 95% CI 1.05 to 
2.44), but not with prolonged length of hospital stay of 
more than 4 days (OR=1.34, 95% CI 0.92 to 1.95) in 
patients undergoing fast-track hip and knee 



Table 3 Risk factors for failure in enhanced recovery 


protocol after major hepatobiliary and pancreatic surgery 


using the generalised estimating equation model 






Common-effect RR 


P 




(95% CI) 


Value 


ICU admission 






None 


1.00 


0.104 


Elective 


0.41 (0.14 to 1.20) 




Smoking status 






Never-smoker/ex 


1.00 


0.027 


smoker 






Current smoker 


2.21 (1.10 to 4.46) 




ALT/GPT (IU/L)* 






Normal 


1.00 


0.001 


High 


3.55 (1.68 to 7.49) 




Any postoperative morbidity 




None 


1.00 


0.007 


Present on day 3 


2.69 (1.30 to 5.56) 




*High ALT/GPT defined as more than 67 IU/L in men and more 


than 55 IU/L in women. 






ALT/GPT, alanine transaminase/glutamic-pyruvic transaminase; 


ICU, intensive care unit; RR, relative risk. 





Table 4 Sensitivity analysis on the risk factors for failure 
in enhanced recovery protocol after major hepatobiliary 
and pancreatic surgery 



Common-effect RR 

(95% CI) p Value 



ICU admission 

None 

Elective 
Adjusted cotinine 
concentration (ng/mL)* 
ALT/GPT (IU/L)t 

Normal 

High 

Any postoperative morbidity 
None 1 .000 

Present on day 3 2.657 (1 .31 2 to 5.379) 



1.000 

0.505 (0.176 to 1.444) 
1.001 (1.000 to 1.001) 



1.000 

4.626 (2.097 to 10.207) 



0.202 



<0.001 



<0.001 



0.007 



* Active smokers commonly defined as urinary cotinine 
concentration >50 ng/mL. 

tHigh ALT/GPT defined as more than 67 IU/L in men and more 
than 55 IU/L in women. 

ALT/GPT, alanine transaminase/glutamic-pyruvic transaminase; 
ICU, intensive care unit; RR, relative risk. 



arthroplasty. 25 However, current smoking was based on 
self-reported smoking history up to a month before hos- 
pital admission 25 and the effect of smoking on 
enhanced recovery failure is likely to be underestimated 
as many smokers (17%) deny smoking before elective 
surgery. 26 In contrast, we used self-reported smoking 
history and adjusted urinary cotinine concentration to 
increase the accuracy of preoperative smoking status 
data. We have shown that current smokers were up to 
four times more likely to be enhanced recovery failures 
compared with never-smokers and former smokers in 
the GEE model. The results of the sensitivity analysis 
using adjusted urinary cotinine concentration further 
strengthens the association between smoking and the 
risk of enhanced recovery failure. Thus, smoking cessa- 
tion before HBP surgery would be expected to decrease 
the risk of enhanced recovery failures substantially 
Smoking cessation at least 4 weeks, and preferably 
8 weeks, before surgery significantly reduced the risk of 
postoperative respiratory and wound-healing complica- 
tions. 27 Smoking is a modifiable risk factor that surgeons 
and anaesthesiologists can work on when patients are 
booked for surgery 

Of all the preoperative liver function and coagulation 
tests performed, high ALT/GPT concentration was the 
only independent biochemical risk factor associated with 
enhanced recovery failures. The strong association is 
indicative of the high risk of operating on an acutely 
inflamed liver. 28 A previous study 29 found that alanine 
aminotransferase >70 IU/L was an independent risk 
factor (OR=2.02, 95% CI 1.33 to 3.07) for postoperative 
complications after hepatic resection for hepatocellular 
carcinoma. 

Fast-track open liver resection was associated with a 
reduction in general complications as defined by the 
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Postoperative Morbidity Survey 17 by 36% (95% CI 16% 
to 52%). 19 A direct comparison between our incidence 
of postoperative morbidities on the third day after 
surgery and Jones et aFs 19 study is difficult as the timing 
of their postoperative morbidities was not specified. Our 
GEE model found that patients with any postoperative 
morbidity on the third day after surgery were three 
times more likely to be an enhanced recovery failure 
than patients without reported postoperative morbidity. 
Specifically, after adjustment for multiple testing, cardio- 
vascular events (diagnostic tests or treatment in the past 
24 h for new myocardial infarction or ischaemia, hypo- 
tension, arrhythmias, cardiogenic pulmonary oedema or 
thrombotic events) 17 were weakly associated with the risk 
of failure. Early postoperative morbidities are associated 
with longer duration of hospital stay 30 and an increased 
risk of hospital readmission. 31 

Using a minimal important difference of 0.03, 32 we 
found that patients in the enhanced recovery failure 
group appeared to have a lower health-related quality of 
life than in the successful group. Our health-related 
quality of life on the third day after surgery in the suc- 
cessful group was similar to those reported in the stand- 
ard care group by Jones et al. 19 Our practice does not 
include carbohydrate drink up to 2 h before surgery, 
pharmacological prophylaxis for deep vein thrombosis 
or the routine use of epidural anaesthesia. 

Overall, the results of this study suggest that it is pos- 
sible to identify a subgroup of patients requiring add- 
itional care to minimise perioperative morbidity and 
length of stay. Patients who are smokers, have high ALT/ 
GPT concentration or are at a high risk of postoperative 
morbidities are likely to fail enhanced recovery protocol 
in HBP surgery. In defining who is at high risk of post- 
operative morbidities, the American Society of 
Anesthesiologists' Physical Status grades III and IV and 
risk more than 50% estimated in the POSSUM-defined 
postoperative morbidity model may be useful as surro- 
gate markers. 17 For those patients at high risk of HBP 
surgery failure, elective postoperative ICU admission 
and measures targeted to avoid postoperative cardio- 
respiratory complications are warranted to reduce the 
risk of failure of enhanced recovery events. 

There are several limitations of this study. First, we did 
not measure the compliance rate of individual compo- 
nents of the ERAHBPS programme. Recent studies 
suggest that better patient care and outcome can be 
achieved regardless of the number, combination, type 
and strength of evidence of the individual ERAS compo- 
nent. 33 34 Second, the common-effect GEE analysis was 
influenced by the higher frequencies of prolonged ICU 
length of stay (12%) and hospital readmissions (6%) 
events than other components included in the defin- 
ition of failure. Our sample size was too small for the 
use of an average relative-effect GEE analysis 20 to 
address this problem. There is a potential for residual 
confounding despite the use of multivariate analyses in 
this cohort study. The applicability of the identified risk 



factors to select patients suitable for ERAHBPS pro- 
grammes in other settings requires further validation. 
Finally, the failure outcomes were limited to the early to 
intermediate phases of recovery; we did not measure 
outpatient complications 31 or late recovery outcomes, 
such as functional status and health-related quality of 
life beyond 1 month as recommended recently by 
Neville et al. 35 

In conclusion, patients who smoked, had elevated pre- 
operative ALT/GPT or experienced postoperative mor- 
bidities were at risk of failing enhanced recovery 
protocols in major HBP surgery and may have benefited 
from additional care. Patients who failed enhanced 
recovery protocols in HBP surgery stayed in ICU and in 
the hospital longer. 
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